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(71) We, GENERAL ELECTRIC 
COMPANY, a corporation organized and 
existing under the laws of the State of New 
York, United States of America, of 1 River 

5 Road, Schenectady 12305, New York, United 
States of America, do hereby declare the in- 
vention for which we pray that a patent may 
be granted to us, and tlie mcdiod by which 
it is to be performed, to be particularly 

10 described in and by the following state- 
ment: — 

The invention relates to metallic vapor arc 
lamps using an arc discharge in mercury and 
metal halide vapors to produce light, and is 
15 more particularly concerned with control of 
the temperature pattern in the arc tube in 
order to obtain higher efficiency and better 
color. 

The mercury arc lamp has a long life and 

20 reasonably good efficiency but relatively poor 
color rendition due to the bluish-green quality 
of its light. A radial improvement in both color 
rendition and efficiency may be achieved by 
adding to tiie mercury one or more vaporizable 

25 metal halides under proper control of loading, 
temperature and pressure, the preferred metal 
halide additive being sodium iodide, option- 
ally with thallium iodide and indium iodide. 
Such lamps are described and claimed in U.S. 

30 patent 3,234,421 — issued to Gilben H. Reil- 
ing, on February 8, 1966, entitled "Metallic 
Halide Discharge Lamps ". These improved 
lamps have been referred to as mercury metal 
halide lamps and more recently ±ey have been 

'35 termed simply metal halide lamps. 

In its general construction and appearance, 
the metal halide lamp may resemble the cchi- 
ventional high pressure mercury vapor lamp 
comprising a high melting temperature glass 

40 arc tube mounted within a glass outer jacket. 
The more widespread type is single-ended and 
provided with a screw base at one end but 
double-ended lamps exist as also un jacketed 
lamps. Thermionic main electrodes arc pro- 

45 vided at the ends of xht arc tube which con- 
tains a quantity of mercury and metal halides 
along with an inert gas for starting purposes. 



Thus, by way of example^ one may add sodium 
iodide along with a lesser quantiQr of thallous 
iodide and indium iodide to the mercury to 50 
achieve a luminous efficiency in the range of 
70 to 80 lumens per watt as against the 50 to 
60 lumens per watt range of the ordinary mer- 
cury lamp. The lamp has the further advan- 
tage of an improved color containing a sub- 55 
stantial percentage of red lig^it and which is 
more pleasing to the eye. 

The U.S. Reiling patent taught that the 
coldest portion of the arc tube of a metal 
halide lamp must always be hot enough during 60 
operation to insure that an effective amount 
of the metal halide is vaporized. This result is 
achieved by juxtaposing the arc tube wall 
sufficientiy close to the arc so that the heat 
of the arc keeps the wall temperature at the 65 
required value. In practice one chooses, an arc 
tube of the proper size having in mind the 
input wattage and the heat losses. For a given 
size or v/attage, a metal halide lamp gener- 
ally requires a shorter arc tube than a mer- 70 
cury lamp, and it is generally necessary to 
raise its temperature. In particular, the ends 
of the arc tube tend to run cool and their 
temperature needs to be raised. Various means 
have been proposed for increasing the arc tube 75 
temperamre, for instance vacuum in the inter- 
envelope space instead of nonreactive gas, a 
transparent glass sleeve surrounding the arc 
tube, radiation reflective coatings on the ends 
of the arc tube, insulating caps over the ends 80 
of the arc tube, and shaping of the arc tube 
ends into small wells in winch the electrodes 
are recessed. 

The object of our invention is to increase 
the efficiency and improve the spectral output 85 
or color of mercury metal halide lamps. 

By mapping arc tube surface temperatures, 
it has been found that the conventional tech- 
niques for raising the arc tube temperature 
reach their limit of effectiveness much sooner 90 
than necessary. The limit is reached when 
the hottest pan of the arc tube begins to ex- 
ceed the maximum temperature which the arc 
tube material can safely withstand. However 
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at such time all other ponions of the arc tube 
arc well below the limiung temperature. The 
arc tubes are commonly made of vitreous 
siUca or quartz-like glasses for which 1070® 

5 is the upper limit because it is the strain point 
at which repeated heating and cooling result 
in fracture. In practice, the operating tem- 
perature must not be allowed to exceed lOC^C 
if a reasonably long life is to be 

10 achieved. 

The invention provides a high pressure elec- 
tric discharge lamp intended for vertical opera- 
tion comprising a generally cylindrical arc tube 
formed of a vitreous high temperature rcsist- 

15 ant material, a pair of arc supporting elec- 
trodes sealed into opposite ends of said tube, 
said tube containing a filling of mercury which 
is substantially completely \'apori2ed under 
operating conditions, metal halides at least 

20 one of which is sodium iodide and an inert 
staning gas, said tube being of such size rela- 
tive to the arc discharge maintained within 
it and the construction being as>'mmctric to 
reduce the temperanire spread between the 

25 ends of the tube and to drive the temperature 
spread of the lower end substantially above 
670'^C and cause the coldest spot to be located 
above the Jo\\xr end of the tube during opera- 
tion without driving the temperature of the 

30 upper end above lOOO^C in order to cause 
excess rodiimi iodide to condense on the tube 
wall above said lower electrode and reduce 
the segregation of sodium. The lamp contains 
excess liquid metal halide^ that is more halide 

35 than can be completely vaporized under the 
operntinj* conditions, and the exxess tends to 
rollect in the coldest region of the arc tube. 
The vanor pressure will correspond of course 
to the lower temperature of the cold spot. By 

40 reducing the temperature spread, the vapor 
pressure is increased without increasing the 
maximum temperature to which the arc tube 
is subjected. 
In a verdcally operated lamp, the lower end 

45 of the arc tube tends to run cold and the 
upper end tends to run hot. The temperature 
spread between the ends of the arc tube is 
reduced by means of an asymmetric construc- 
tion such that more heat is generated at the 

5Q lower end of the arc tube or less heat is lost 
from said lower end. One means consists of 
using a smaller electrode which runs hotter at 
the bottom and a larger electrode which nuis 
cooler at the top. Other means for reducing 

55 temperature spread which may be used separ- 
ately or cumulatively are a heat-reflective 
coating or a heat-insulating jacket about the 
lower end of the arc tube. Alternatively an 
end on the arc tube contoured for a higher 

60 temperature such as a tapered end or an end 
chamber reduced in size may be used. By 
such means, the temperature of the condensed 
metal iodides is raised and the condensate is 
driven away from the lower end and up the 

65 arc tube walls. This is found to reduce the 



segregation of the various metal species in the 
arc tube, the end result being higher efficiency 
and improved spectral output or color. 

In the accompanying drawings: 

FIG. 1 shows in side view a metal halide 70 
lamp embodying the invention. 

FIGS 2a and b show arc tubes of prior 
lamps with the initial and terminal tempera- 
ture distributions. 

FIGS. 3a and b show initial and terminal 75 
temperature distributions in arc tubes embody- 
ing the invention and utilizing different sizes 
of electrodes at opposite ends. 

FIGS. 4a and b similarly show the tem- 
perature distributions in arc tubes utilizing 80 
simultaneously different sizes of electrodes and 
asymmetric heat reflective coatings. 

FIGS. 5a and b show the temperature dis- 
tributions in smaller size arc tubes similar to 
those of FIGS. 4a and k 85 

FIGS. 6a and b show the temperature dis- 
tributions in arc tubes embodying the inven- 
tion and utilizing different sizes of electrodes 
and asymmetric end contours. 

Referring to the drawing, a mercury metal 90 
halide vapor arc lamp 1 embodying the inven- 
tion comprises an outer vitreous envelope or 
jacket 2 of ellipsoidal form and having a neck 
portion 3. The neck is closed by a re-entrant 
stem 4 having a press 5 through which extend 95 
relatively stiff inlead wires 6,7. These inleads 
are connected at their outer ends to the con- 
tacts of the usual screw type base 8, namely 
the threaded shell 9 and the insulated center 
contact 10 and at their inner ends to an inner 100 
envelope or arc tube lib. 

The inner arc tube lib is made of quartz 
or fused silica and has sealed therein at op- 
posite ends a pair of main arcing electrodes, 
13 at the base end and 14a at the dome end, 105 
plus an auxiliary starting electrode 15 at the 
base end adjacent main electrode 13. The 
electrodes are supported on inleads which in- 
clude intermediate thin molybdenum foil sec- 
tions 16 hermetically sealed through the 110 
flattened ends 17, 18 of the arc tube, com- 
monly referred to as full diameter pinch seals. 
The main electrodes 13, 14a each comprise a 
double layer timgsten wire helix wrapped 
around a tungsten core wire and arc activated 115 
by thorium oxide which coats the turns and 
fills the interstices within the helix. 

The arc tube is supported within the outer 
jacket by a divided or two-part mount. The 
upper mount section at the base end comprises 120 
a pair of longitudinally extending support 
rods 21 coming together at their upper ends 
to form an inverted "U" which is welded to 
inlead 6. Metal straps 22 fastened to the lower 
ends of the rods clamp about pinch seal 17, 125 
and right angle braces 23 engage blind notches 
in the end of the pinch seal to stiffen the 
assembly. The lower mount section at the 
dome end comprises longitudinally extending 
support rods 24 coming together at their lower 130 
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ends to form a '"U" to which it attached a 
springy collar 25 engaging a re-entrant nipple 
26 in the dofme end of the outer envelope. The 
lower mount section engages pinch seal 18 

5 through metal straps and right angle braces 
28. Main electrode 13 is connected to inlead 
6 through strap 29 and rod 21; main dcctrode 
14a at the dome end of the arc tube is con- 
neacd to inlead 7 through curving wire 31. 

10 Starting electrode 15 is connected to inlead 7 
through current limiting resistor 32 having a 
value, for instance of 40,000 ohms. The inter- 
envelope space is evacuated in lamps of 400 
watts size or smaller; in larger sizes such as 

15 1000 watts, it is filled with inactive gas, 

A terminal switch 33 consisting of a bimetal, 
that is a strip of dissimilar metals bent to a 
U-shape, is welded at one end to the inlead 
of main electrode 13. As the lamp warms up, 

20 the U-shaped piece opens out and its free end 
engages the inlead of starting electrode 15. 
The auxiliary electrode is thereby connected 
to the adjacent main electrode after starting 
and during operation of the lamp in accord- 

25 ance with the teachings of U.S. patent 
3,226^97 — Green. 

The arc tube contains an inert rare gas such 
as argon at a low pressure, for instance at 25 
torr, in order to facilitate starting and warm- 

30 up. In addition the arc tube contains a fill 
or dose in the form of liquid droplets in which 
solid constituents consisting of metal halides 
may be contained during quiescent non-operat- 
ing conditions. The quantity of mercury in the 

35 dose is such that upon the attainment of a 
stable operating condition, the mercury is sub- 
stantially totally vaporized and e.\ens a partial 
pressure within the envelope in the range of 
1 to 15 atmospheres, and it is adjusted to 

40 achieve the desired voltage drop at the rated 
operating current. It is necessary that no mer- 
cury remain in the pure , liquid state since the 
operating temperature that is required to 
volatilize the metal halides is substantially 

45 higher than permitted by die foregoing mer- 
cury vapor pressure range when liquid mercury 
is presenL 

In a preferred embodiment, the other solid 
constituents comprise a quantity of sodium 

50 iodide in excess of that vaporized at the 
operating temperature plus smaller amounts of 
thallium iodide and indium iodide. Sodium 
contributes strong yellow-orange lines which 
are broadened into the red when the vapor 

55 pressure is sufficient^ thallium produces an 
intense spectral line in the yellow-green at 
5350 A, and indium generates intense spectral 
lines in the blue at 4102 and 4511 A result- 
ing in a balanced color rendition suitable for 

60 general illumination. Proportions of constitu- 
ents ^ which have been found desirable fall 
within restricted ranges as follows: 



Hg 

Nal 

Til 

In! or Gal 



mg./cc. 
2.0 —10 
0.1 — 3.0 
0.1 — 0.5 
0.01— 0,15 



65 



Prior to our invention, a so-called high dose 
had been favored. For instance in a 400-watt 
lamp operating with 135 volt arc drop and 70 
utilizing an arc tube 12 of 4.5 centimeters arc 
gap and about 20 cubic centimeters volume 
shown in Fig, 2, the filling consisted of Hg, 
85 mg; Nal, 40 mg; Tll, 4 mg; and Inl, 
0.75 mg. The electrodes 13 and 14 designated 75 
HI 5) were both the same size and comprised 
a tungsten shank having a diameter of 30 mils 
and a double layer helix made of wire 20 rails 
in diameter and comprising about 9 turns in 
each layer. To insure suflSciently hot ends 80 
during operating, heat reflective coatings 
35,36 consisting of zirconium oxide (indicated 
by speckling) were applied to ±t ends of the 
arc tube and adjacent portions of the pinch 
seals as per patent 3,374,377 — Cook, and 85 
the intcrenvelope space was evacuat^. A 
t\pical temperature distribution upon vertical 
operation at the beginning of its life is mapped 
in FIG. 2a. The quartz is coolest (670^C) 
nest to the lower electrode and hottest (780°C) 90 
next to the upper electrode, and is everywhere 
well below lOOO^C. 

The temperature of the arc tube rises with 
age. After it has operated an appreciable por- 
tion of its rated life, the envelope has darkened 95 
and a loss of sodium may have occurred. The 
darkening tends to make the arc tube run 
hotter and in addition the loss of sodium 
causes a voltage rise across the tube for a given 
current, which entails an increase in the input 100 
wattage tending to raise the temperature 
further. In FIG. 2b the temperature distribu- 
tion over the same prior arc tube near the end 
of. life has been mapped; the temperature of 
the quartz near the lower electrode is now 105 
800°C which is not excessive but the tempera- 
ture in the vicinity of the upper electrode is 
.now 1020°C. The high temperature 
at the upper electrode is close to the 
softeninj; point of quartz and indirectly sets 110 
the limit on the lamp's performance because 
the temperature of 670^C at dhe lower elec- 
trode at the beginning of life is dictated by 
it and is too low for good color and high 
efficiency. 115 

Turning now to a preferred embodiment of 
The invention, we prefer to use a somewhat 
shorter arc tube I2a having an arc gap of 
about 4.0 centimeters and a volume of about 
18 cubic centimeters. Also a so-called low 120 
dose is used consisting of Hg, 90 mg; Nal, 
16 mg; Tll, 0.9 mg; and Inl, 0.16 mg. To 
reduce the temperature spread between the 
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lower and upper ends of ihc arc lube, an 
a5vnimetrical construction wherein a smaller 
electrode 14fl is provided at the lower end 
and a larger electrode 13 at die upper end 

5 may be used as illustrated in FIGS. 3u and 
3^».* Under similar conditions of voltage, cur- 
rent, and input watts, a smaller electrode will 
run hotter and raise the temperature of the 
tube in its immediate vicinit}-. Since in a vcr- 

10 tically operating lamp convection effects natur- 
ally tend to niake tfie lower end run cooler, 
the use of a smaller electrode at the lower end 
tends to equalize the temperatures throughout 
the tube and reduce the tcmperatiu-e spread 

15 from end to end. By way of example, an HIS 
size electrode is used for the upper electrode 
13 and a smaller 5ize electrode designated H14 
is used for the lower electrode 14rt wherein 
the shank diameter is 22 mils, the wire size in 

20 the helix is 14 mils on the inner 
layer and 17 mils on the outer 
layer and about 8 turns are wound 
in each layer to form the helix. The tempera- 
ture distributions at the beginning and near 

25 the end of life are shown in FIGS. 3a and 
3^, respectively. The minimum temperature 
occuring in the vicinity of the lower electrode 
at the beginning of Ufe has been increased 
to 735^C and this results in a higher metal 

30 halide vapor pressure entailing higher elTiciency 
and improved color. The maximum tempera- 
ture occurs in the vicinity of the upper elec- 
trode near the end of life and is 950^C which 
is well below the upper limit of 1070-C for 

35 fused silica. 

The temperature spread between the ends 
of the arc tube may also be reduced by apply- 
ing heat reflective coatings asymmetrically to 
the two ends. For instance the zirconium 

40 oxide coating may be removed entirely from 
the upper end and extended higher at the lower 
end. In ±e preferred embodiments of the in- 
vention illustrated in FIGS. 1, 4 and 5, the 



features of different sizes of clecn-odes and 
asvmmetricai heat reflective coatings have 
been combined In FIGS. 1 and 4 correspond- 
inz to a 4C0 watt size lamp, the upper elec- 
trode 13 in arc lube 12* is of the larger H15 
size while the lower electrode lAa is of the 
smaller H14 size. In FIGS. 5a and b corres- 
pond in?^ to a 175 watt size lamp, the upper 
electrode \3a in arc tube 12c is of the H14 
t-izc while the lower electrode 14*. is of a yet 
rmnller size wherein the shank diameter is 18 
mils and the wire size is reduced proportlon- 
nrelv. A heat reflective zirconium oxide coating 
36.1 has been applied to the lower end of the 
PTC lubes only and it extends up the arc tube 
walls to aboiit 15 mm, from the nudpoint of 
the rube in FIG. 4. The temperature distribu- 
tions at the beginning and near the end of life 
are shown in FIGS. 4a and 4b, and 5a and 5b, 
respectively. The minimum temperature In the 
vicinit}* of the lower electrode at the beginning 
of life has now been raised to 750^0 for the 
400 watt lamp and 780^C for the 175 watt 
lamp. The maximum temperature in the vicin- 
ity of the upper electrode near the end of life 
is 930^0 in both cases and safely below the 
upper limit for quartz. 

The temperatures mapped on FIGS. 4a and 
5a indicate a substantially uniform tempera- 
ture over the arc tubes at the beginning of life 
and this is a desirable condition. Near the end 
of life. FIG. 4b and 5b indicate a spread of 
merely 35° to 40° between the ends and this 
represents a ver>' substantial improvement over 
the prior lamp represented by FIG. 2b. Table 
] below gives the results from the point of 
view of lumens output, efficiency and percent 
red in the spectral output as between a prior 
lamo such as shown in FIG. 2, the lamp of 
FIG. 3 utilizing asymmetrical electrodes and 
symmetrical reflective coatings, and the pre- 
ferred lamp of FIG. 4 using asymmetrical 
electrodes and asymmetrical reflective coatings. 
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TABLE 1 

MV400 (0 Hour Performance, Vertical Operation) 



Electrode size 
Reflective Coating 
Output: Lumens 
Efficacy: Lumens per watt 
% Red 



Fig. 2 
Design 



Fig. 3 
Design 



Fig. 4 
Design 



Synmietrical Non-symmetrical Non-synmietrical 

Symmetrical Symmetrical Non-symmetrical 

30,000 35,000 40,000 

75 88 100 

2.8 5.5 6,5 
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It will be observed that in the FIG. 4 design 
which constitutes the preferred embodiment 
of the invention also illustrated in FIG. 1, the 
efficiency has been raised from 75 lumens per 
5 watt to 100 lumens per watt and the percent 
red has been increased from 2.8 to 6.5. 

Another way of equalizing the temperatures 
of the ends of the arc tube consists in altering 
shape or contour of the arc tube ends. FIG. 6 
10 illustrates an arc tube I2d for a 400 watt size 
lamp in which the pinch seal at the lower end 
forms a tapered or cone-shaped closure 37 
wliilc the upper end is conventionally hemi- 
pherically shaped. It is not necessary to use a 
15 cone shape; and configuration which reduces 
the beat loss may be substituted, for instance 
■ a well or reduced diameter end chamber at 
the lower end. The feature of asymjoietrically 
shaped ends may be combined widi differently 
20 sized electrodes 13 and 14a and a heat reflec- 
tive coating 36a on die lower end only as illus- 
trated to achieve substantial equalization of 
temperature at the ends of the arc tube in 
vertical operation. Average temperatures meas- 
25 ured on various lamps arc mapped on FIG, 
6a for the beginning of life and' FIG. 6b for 
the end of life. 

The lamp illustrated in FIG. 1 is intended 
for base up vertical operation; by reversing the 
30 arc tube end for end relative to the outer 
envelope, a base down design results. Vertical 
operation ordinarily includes departures from 
vertical of as much as 15°. With the present 
lamp, benefits in efficiency and color rendition 
35 are obtained with departures from vertical as 
great as 45*^ but the maximum terminal tem- 
perature may exceed desirable limits for long 
life. Such departures are comprehended when 
the lamp is said to be intended for vertical 
40 operation. 

The effect of raising the temperamre at the 
lower end of a vertical arc tube goes beyond 
simply increasing the temperature of the bolide 
pool. The ordinary effect of increasing the pool 
45 temperaiture is, of course, to increase the vapor 
pressures of the metal iodides and this results 
in increased lumens and a warmer color, that 
is more red. However as the cold spot is moved 
higher up the arc tube wall, another effect 
50 takes place and this is a reduction in alkali 
metal segregation which occurs in a vertically 
burning lamp. The asymmetrical designs of 
the invention contribute to the relocation of the 
cold spot upwardly from the lower end of the 
55 arc tube and thereby reduce the segregation 
of the various species resulting in improved 
color and more imiform color from end to end 
of the arc tube. 



WHAT WE CLAIM IS: — 

1. A high pressure electric discharge lamp 60 
intended for vertical operation comprising a 
generally cylindrical arc tube formed of a 
vitreous high temperature resistant material, a 
pair of arc supporting electrodes sealed into 
opposite ends of said tube, said tube contain- 65 
ing a filling of mercury which is substantially 
completely vaporized under operating condi- 
tions, metal hialides at least one of which is 
sodium iodide and an inert starting gas, said 
tube being of such size relative to the arc dis- 70 
charge maintained within it and the construc- 
tion being asymmetric to reduce the tempera- 
ture spread between the ends of the tube and 

to drive the temperaitire of the lower end sub- 
stantially above 670°C and cause the coldest 75 
spot to be located above the lower end of the 
tube during operation without driving the tem- 
perature of the upper end above lOOO'^C in 
order to cause excess sodium iodide to con- 
dense on the mbe wall above said lower dec- 80 
trode and reduce the segregation of sodium. 

2. A lamp as claimed in Qaim 1, wherein 
a smaller size of electrode is used at the lower 
end to produce more heat, 

3. A lamp as claimed in Claim 1 or Qaim 85 
2, wherein a more extensive heat reflcaive 
coating is applied at xht lower end than at the 
upper end. 

4. A lamp as claimed in Claim 3, wherein 

a heat reflective coating is applied to the lower 90 
end only. 

5. A lamp as claimed in Claim 4, wherein 
the heat reflective coating extends beyond the 
upper end of the lower electrode. 

6. A lamp as claimed in any of the preccd- 95 
ing Claims, wherein said asymmetric construc- 
tion comprises a tube end configuration reduc- 
ing heat loss at the lower end. 

7. A lamp as claimed in any of the preced- 
ing Claims, wherein the metal halides also 100 
include thallium iodide and indium iodide. 

8. A lamp as claimed in any of the preced- 
ing Claims, wherein the arc tube material is 
fused silica. 

9. A high pressure electric discharge lamp 105 
intended for vertical operation substantially as 
hereinbefore described with reference to the 
accompanying drawings (except Figures 2a 

and 2b). 



TREGEAR, THIEMANN & BLEACH, 
Chartered Patent Agents, 
Agents for the Applicants, 

Melbourne House, 
Aldwych, London, W.C.2. 



Printed for Her Majesty's Stationery Office by the Courier Press, Leamington Spa, 1973. 
Published by the Patent Office, 25 Southampton Buildings, London, WC2A lAY, from 
which copies mav be obtained. 



1337134 COMPLETE SPECIFICATION 

2 SHEETS drawing It a reproJuctton of 

the Original on a rtduced tcole 

Sheet 1 




1337134 COMPLETE SPECIFICATION 

2 SHEETS drawing is a reproduction of 

the Orlginai on a reduced scale 
Sheet 2 



905 c 



aioc- 



750 r^^:^ ^S6a 



b'JERMINftL 



$30 C- 



-ma 




4 



aoo'c- 



mm-. 



a-'INITlfiL 



770 C 

760y » Y^/Zc 




895' 




I3a 
-tZc 




950 C 
930*C 

90D*C-^g^, 



13 



—fZd 
36a 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SffiES 

□ FADED TEXT OR DRAWWG 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



